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Abstract 



PURPOSETo provide a semiconductor substrate wherein its mechanical strength is high, its 
cost is low and its crystallinity is excellent regarding the semiconductor substrate and its 
manufacturing method which are used to grow a compound semiconductor crystal. 
CONSTITUTIONS Si02 film 2 in which an opening. 3 has been made is formed on an Si 
single-crystal substrate 1 ; a GaAs single-crystal layer 5 is grown selectively, by an ALE method, 
on a seed 4 which is exposed on the bottom of the opening 3; a GaAs single crystal 6 is 
formed, by an LEP method, on the GaAs single-crystal layer 5. Alternatively, an Si02 film 2 in 
which an opening 3 has been made is former on an Gi single-crystal substrate 1 ; a selective- 
growth Gaps single-crystal layer 7 is formed, by a first growth condition, on a seed 4 which is 
exposed on the bottom of the opening 3; GaAs is deposited, by a second growth condition, on 
the whole surface; a nonselective-growth GaAs single-crystal layer 8 is formed on the selective- 
growth GaAS single-crystal layer 7; a nonselective-growth polycrystalline layer 9 is formed on 
the Si02 film 2. After that, the temperature is raised; the whole of the nonselective- growth 
polycrystalline layer 9 is changed to a single crystal by making use of the nonselective-growth 
GaAs single-crystal layer 8 as a seed. 



(19)H*H»ffff (J P) 



& m # «= & $b (a) 



®H!¥5-251339 

(43)&M0 ¥t£5¥(1993)9E280 



(51; Intel. 




17 T 

r 1 




H 0 1 L il/iU 


yi / i —4M 






H U A 1 T 01 /OrtO 

// H U 1 L ZJ/zUo 


M o4^ 4M 










« 




(21) 


lfS¥4-249]7 


(71) tali A 


OOOOOoZiS 










(22)HiBB 


^4^(1992) 2^120 




tt£JM*Jil«itfj*!iCK±/hE*ioi5#Jfe 








DOS flfp 


(31)«*«£K#^ 


4#S¥3 - 204231 




ttgSJH»JH«nr*BK-h*Bl'ioi5#« 


(32)£ifcB 


¥3 0991)8 8140 






(33)ffi^ffi±31ffl 


0* (J P) 


(72) 










tftRil|»;i|«fTp«fSE±^ffl+1015S» 
























#3Wl|*JI|«m*IBK±>hHi|»1016#* 














(74)ttSA 





(54) [anofti*] *«#a**j:r;*o«ifi*ft 



(57) ami 

s i#isaiSsi(Z)±tPBa3s»»fcs 1 

ffiilCAL EfelCi^TG a A s JjMgUl 5 
J&BU IOGaAs»ISlg5ffl±KLEPiSfei:i'3 
TG a A s 6 S i #i^SS« 

l<»±fcBm3S«tf&S iOi Bl2£7§*j5£U 
P 3 ©HslcBttiT bis- H 4 ©±[;:3§ 1 ©jfcg-fefrt;: <fc 
oTMMGaAs*MI7£MU f2©^ 
^tCioT^WlCGaAsfciftSILT, SK^fiGa 
A s *«£,SiB 7 ©±K#aiR*ftG a A s iUfcliilJg 8 
£, SIO, I2 0±l:lt #attj£££ftM9*K 
£U *©*fiaEt±«fT#a*WeftGaAs#«*H 



6GaAs*feB (LPE) 
5GaAs WSftffl (ALE) 

.3 MP 




(A> 



7 asuetfiGaAsmteJMB 




:—2 



i 3 



(B) 



-251- 



1 

- (ALE) £lC±98S2©¥$#;fc6ft£lNeg.S£ 

«R«fcj**t-si8£. &8 2 ©**#*> e^*^ 
(lpe) mzz-jxmswmfrfrzfczmm&zm 

fif SXg££tr c t £1§f8<kT3¥2S#g«©SSjS;fr 

s. 

[a^2] mio**ft^->'j3>Ta&o, 312© 

3 > t £g*tifi{H L fcfc-&*¥*Mfe&» 6 & 4 JM6B 
T$££S*ITV>T. ^tt^*©(g*<isc^ax 

(ALE) fet«toTJg*Sn. »3©*»**t»^je 

ft**->y a >©&^£&£Sft£fc£!0!i¥*#T&-5 c 
£ if 5 M&B 2 32«©¥SftS«©£i 

[ffi*B3] JfSl©¥HWtt»5ft4«E±fcXy?> 
1 WlSigfcMt^ 2 ©«j&RSC©IHff 
T»riEf*XSt, e»l©*6S®t^2©«5felieirM 
Pft#J*T*XSi. mHun\Z&\&Ltz*m&&Wi±. 
*»6.K»2©*fi»M©^ffiC^ltTS ; fHXfc:^*->- 

(ALE) StC«J;0^2©**#@&^ft-rsiS<!:. 
RJg 2 ffii&gl £ n ©^Slcilia £ ttfcm 2 ©#i*#Jl t 

3«nfc»2©¥3*^6ft5JM8fi«©±*&tt»l 
©*fciBgS©_hl£@ttT5SB 3 ©¥*## fcfcSJiMgBJa 

suffix tr^+->- (lpe) ^Kj^Tisgf sx@ 
e^tr£ttw«fr**swra«©«jfi*tt. 

[»#K4] JBl©*«MW»6tt*afrR±CR!P* , b 

t3iaa«6»*-r*x8t, MnnejK«{aL-&ssi© 

¥»fcfr&ft*»*±l::H : J 1 JIxE**->- (ALE) 
& K± D S 2 6 £ fiSfifSXg 

b, R»2©*3»^6&S^a)B©±lcStfii&K© 
±lc5gtU-rsm 3 ©*»#«» 6fe* >J >y vtt©->- Hft 
JgricfSXSt, KUy5>tt©5'-Ha»&ttl68«©± 
**3©*»#*»6&4J|l|Sftft*«xe^ + 

(lpe) tttj:oT»rtrsi8ftdt»;iie« 
*tr *¥Sfl*«©«Bm 
[n&ssi »i ©**#*» s ft s*«©±i;:MPfc 
fc^iaBansHjjfS-rsiet, au©tfc&*#TKt6» 
R©«pi«ic«aiufcSBi©*«#*»6a«a6fi©±ic 
$ 2 ©*»*^5?44mtefiH*a«w»cj«fi-r-5x8 
t. »2©&&&#-c&S2©¥*#a>&&*injiefiB 

*ntt7*JP7 7XJH*. KffiHR©±lCtt*ia 

ss*fc»±T*;i/7r^is:s5fi-r5xet, 

©PlPfllcfg 1 ©riEfi*#-CfiJt*bfc»2 ©*»#*> 6 



(2) ^§1^5-2 5 1 3 3 9 

ft«*fgftM. *ifctt. KSB2©¥«#^6ft£3Mg,R 
® ©±ICjg 2 ©j£fi£#Tfi!c:g Lfc® 2 ©¥*#*>6ft 

5¥£#g«©g£;5&. 

I I I*5E***t!K»;tfXfcVfc 

7c***tr«»»xt«Et«i6-raiii : F»xi;^*S' 

- (ALE) ttSJUK » 1 ©J*ft*frfciN>T I I I 
J0 Jfc7C**-^trBlff3tfXiLThU>i^/f , J'>A (TM 
G) SrfflU, S2ffl^gMibTNU«g*ffi7?I I 
l»7C*&^OS^XtLThUX^U^U^A (T 
EG a) £^&iLfc£ft»iT*«#«5Ce*©¥ 
*#8fc©Mii#&. 

C»*^7] «61§^©WPrtcmi©Jfcg*frTricg 
UfcJB2©*W#«>6«:5JMi*Ji, flEfctt. s£Sg2© 

&ft «¥gM©±K:tt 2 ©fi&g&ttTjsftL 

&S2©**#*&fc**«8»»fc5'-F£.l.TS*»-r 
^^S§*-5^«7 ; &JU7 7 xS£SiSftfl:-r-5xa 

5 ICiB«ffl¥*#affi©Kae^j£. 

mm 8] mi<o*mm^&z&&<D±.<Dt&m 

©Hnrtt»l©J«ft*frT»2©i|s*#35»6ftSJ|l|t 

BjB*a««fcd»r*x8£. s2o^m#-pm 

2 ©¥*#* 5ft«WttftjB©±l::£ 2 6ft 
5*«SSHS&tt#«SfiB»SHtt7 ; t;P7rXS*. 

*&. M6JW©±t*iiMB*fc»7 i e;v7 7XJis 

ffigfilit. ttlMtiRalinAlCllI 1 ©*&&£#T 
rtfiUfcft 2 ©*«#*» 6ft SJMtfiJH, Sfcfi, KM 
30 2©¥*ft#&ft«¥liaJB©±lc£2©rtft*#-Vj£ 
ftL&JB2©*«#*»6ft*#»fiJift'>-l«tLT» 
«T**llSaiB*«HJ47^7rXlBft||»fifl:-rs 
IIS. »KWHlflie«fl;««rtTff5ilfcfe<«Rt-r 
SitsRSI 5 £^©¥«#£tt©Hjfi#&. 

[5sw©paiftittw] 

[0 0 0 1] 

m#mmm\zM^z{t£to¥mft%&zi$.&$i*z>fcsb 

©2Ni*3S«*«fcrWE-©»fi*i6KB|-r4. 
40 [0 0 0 2] 

[£*©&%] ft¥«#£B, E>£¥*ft8iB^ 

-?>j£«SHC«kD»SSL-fcI nP. GaAs^©27C-ffc-& 
fe*i*#©-f >:f «, h £j$«#KX :K X Lfc 6 ©£& 

[0 0 0 3] L*>L, H*l6©«»tt1ft|?.Wt«|«fi*l 
j>ftv»fc»»i6=ixh3jiKV>c:i, ««W3S«*tS<* 
»#*iAO*D«btlLftWCfc, s5SUE©SftS 
2asa±©5c**»6ft*liftTf»*fca6, S«©i!SA 
50 tt©8k*«WL-^Jlt. *©»^i«»oTt»6. 



-252- 



3 

[0 0 0 4] -e^T, ft#^e>, ±S©S&&*>&fc^ 

->U3> <s i) ©*k±k. ^ts^smfflxtr^+-> 

-m (MOV PES) , ^ft-ilt^+y-i* (M 
BES) #TInP, GaAs^©{fr&!il¥iJS#£$£ 

[0 0 0 5] ±fE£>££ SiS«±tC5 0 
0 "CttTOSST^aStiiTt^^ 7 XttCDG a A 

[0 0 0 6] 

\zs i is«)±i:GaAs $<Dmm<Dit&<to*m# i &m 

ftjsJtftLTjBjlbfcltftaiiffcH. £8:©te^*H§a<# 
ftLWSCt. *3itX, »fl£B©¥fflfl:#3R^;:£ 

[0 0 0 7] Sfc. GaAsl«i±CGaAsS« 

SrcSSfctf). S ig«±l;:GaAsm*§il£ji££l/fc 
MSfflHTME S F ET^HEMT^CD^W^1!# 

^5RH*J»oit. GaAsXfc^+y^Ullfc 
G a A s SSCifc^S tifcJffiKtf* 2 fl»0U*S ^fc*lc 

[ooo8] a«^a«co±[c^s 
[ooo9j ufctfot. a 

[0 0 10] 

□rtirBWUfcsi ©**#* s » * ** ©_k kbc? h 

Xtf^ + v- (ALE) ftlCADJB2©*«#*»6tt* 
(LPE) *6fc±oT«3©*W|E*»6a* 



(3) «fB8¥5-2 5 1 3 3 9 

[0 0 11] 4£, *5EW«C*^»-S^«#S«©llji* 
ttC*V»Ttt, »l©*W#3i»5ft*S«©±fcB>P* 
t>-3»»***j*f S3jBt. 16 1 ©fi£g&#T«*&& 
R©HPrtCRtHL-fc!B 1 ©*UWW»£fc4fflR©±K 

!S2©¥»fr*>6?ic-6#«a»&a«?MKdEfir5i8 

t, »2©J***ffTK»2©*JWW»6a*JIl|gftJB 
©±KJ82.©*»**»6a**)l6aJB*«:IJ*l*»H* 
4^147*^7778*. S&, K*8SR©±l;:t4#<8 

10 ©HD«fi:SBl©/«fi*frT?i!5fiL&!B2©4'*#^S 
tt«¥£AJI. *&tt, tt£ 2 ©¥*#*&&«¥£* 
«©±K» 2 ©jftftftfrTlSfiLfc* 2 04W» &fc 

[0 0 12] 

1 ^©^^sffi±»c, HattflrfSA i nr. s i o 

2 R$©IS8R£»£L, C©Hart©#«*Sfi±fc 
H^Bxtr^+^-tt (ALES) fcJ:oTfl:^*JMt 

it? fle*ltft*ftjtl,, £©ALE«fefcJ:-oTJj»l,;fclMe 
ft«©SBff*> 6 £©«*R©±fcJB£rt-*fc#ft¥*# 

JW8fiee**xe^*5/-ft a peso zmrnvx 

[0 0 13] *58W©J;5C, »6©±t»J*a 
ftfc*ftig:R© M P W C g ft i T 5 ¥S#©^igSl £31 
KWfclfcftU *©S£©¥£AI«3£tfeftR©.bb 

50 L, *©«, ia«S±tfTiBBU8©H0rt©*ll86B£ 
->-HtUTS»M:"r*!:ttJ:oT, ±E©«fc5C 

[0014] £©^«ii¥«^«©Kjfc&t&©ea* 

K93T*. 01 (A) . (B) H. #5Si}(!©¥«f£S« 
©Kig^ffi©liaiK^ig-C*^. 2L©Ht*t»T, Itt 
Si¥£fi£fc 2(4Si0 2 R, 3iiMP. 4tt.5'f 
5ltGaAsmi (ALE) , 6 KG a 
AsV^ll (LPE) . 7»S«J«fiGaAs#ilSft 
40 H. 8tt#SjRfi2fiGaAs*|gfija. 9tt#Sftttft 
GaAs*|gfi)lT&*. 

[0015] #2gi8©g5 1 OBiKSHTB, 0 1 
(A) Ciii3tLTV»5J;9& si brass i©± 
IC. S i Oi R2£Jgfi£L. £©S i O2 R2C5-f > 
^©MP3£S5:l7. ^©MP3©I£ICS i*ifga»fil 

©«ffi£Bffl^-&T, nfij«*©ataa5-f >i"-H 

4ft»«U *^T. d©7-f >->-H4©±t, AL 
EfcK«fc0GaAsl|iigSB5£8ftMKjfcgU 3© 
GaAs^iiaaB5©±CLPEtelC«fc-3TGaAs# 

50 teS6*^«-rs. 



-253- 



5 

[0 0 16] *fc*^©®2©lSaiC*^TJ4, 01 
(B) i;^^nT^5±^lC. S 1 #«gg,S« 1 ©± 
It, S 1 O* &2£Jg/£U Z.OS i Oi m2\Z7-{> 

ttroBBa3£iS:tt, £©saP3©*i;:s imes.gffii 

4£J£j£U #1<>T\ SlCD)SS*fr^J:oT7'f>v' 
r-H4©±K. a«dcfiGaAs*<gSl7*aiRWK 
J&fiU S2©$fi&#lc<fc^T£tB{::GaAs£i«a 

GaAs*eS18^fiU SiO. |@2»±[ca# 
SMfiGaAs^Sa (*.5^1i7 : &;U7 7X«ro 
GaAsi) 9SMbm i&^fciitfT, #8ftj& 
gGaAs mifeSS 8£->- HKLT^SifoEgG a A 
s^-jgae (*-5^B7^7rX«cDGaAs)l) 9 
£#«*IS&(frr*. £©Jfil©j£&3:#£li!2©j£& 
*frtt. dEfiJK»»X. ffifcfc £©£**#** 

[0017] b&flt^-c, i omm&£zfm 

©««£S i g«i«a«K#8i-r-5;r£*<T£. 3= 

[0018] ^aenxvifc. s i s«±icjg^Lfc 
re p ft t aai*> s>meffi t una* Lfegs^* h t 

T*&»fc«ftfc»/MR©¥*(MW1l&*i*. 

[0 0 19] 

[Mtffl (Bl**M) 0 2 (A) ~ (c) 14, mi 

©0C*5HT, 1 lttS i me&SS. 1 2 (iS 1 O2 
K, 13\ma, 1 4f45K >->-h\ 1 5 14 A L EJ£ 
ICi-oT^SLfcGaA s#jSS®, 16liLPESlC 
i^«SlfcGaAsW?*5. croxeSi^S 

[0 0 2 0] S&1XS (02 (A) #flfO 
S i m*£S*« 1 1 ©±ir, CVD&lCith JS3 2 0 
0 ninCS i Or Ml 2 fc^TS. i©S i O* Rl 

2t, 7* h>)v>/yymzmmvT. «*««<-«© 

imenSfci l©SHfift«ffl<SU:T. ;i©&©e 

n£ft©8t&57'f >->-h 1 4 ^j^r*. 

[0 0 2 1] ®2Xg (02 (B) #180 
^©7-T>->-H 1 4©±lC, H^BXtf^ + v- (A 
LE) gjlCiOJPS 3 0 0AOGaAs*HeaSl 5£ 



(4) &BB¥5-2 5 1 3 3 9 

6 

Sr^fSJlt^T^S. fcfc. £©/&gi£©fc£(4j5£ 

£j£fi-fS©li*IS«T'&K 
[0 0 2 2] S&3XS (02 (C) MB) 
ALEmz^XM&LLTcGaAsmm&mi 5<D±.\Z 
SfilW^y- (LPE) SCioTGaAsHtS* 
16SrjSfi-rs. d©Iglr*3^Ttt, GaAsi&SSl 
10 614. ALESCioTMLfcGaAsIl 5©_hlr 

^$*iR)ic^-r* £ t h\zW5mz<b&&-$-ztzv>. 

S idll 2C0±ICj£<ffi^5igai4©ffinfcGaA 

s mes?. 6 £j^£-ra c: £a<-c£*. 

[0 0 2 3] *^WIC*HTtt> 7^>y^n4© 
±(CGaAs¥i!SSBl S&jfcg-rSIgtUT, AL 
Ett*«fflLfc3a*tt. ^©MfflfilcfiatCi-oTGaA 
s me&S 1 5 ZMf&TZ £, SiOi R 1 2 ©*©g 

»&*iw*ti,T. mnmm^ii^ ALEmzzzt, 

SiOi B£l 2 £S i7-f >-v- F 1 4 ©K©M«tt^ 
a? &.tlT^ZZ.£. 45<fctf. AL ESICioTG a a s m 

4>7S^££T$>a. 
[0 0 2 4] Sfc**J6«fcJ:*t. SimeSSfcl 

1 ©_k©S iOi B8 1 2 iZM&Lfcma 1 3 S«/MCL 
fcfce. G a A s mefiS 1 5 £ S 1 1 1 & 

O^fbfcGaAsilgail 5£->-FiLTGaA 

s mes 1 6*is i oj m 1 2 ©iiaEtfoTflb&fit 

LPE^m^t, ©«SfcJ;D. GaAsIMI 
JO 1 5©^HH4U«>pIIH4*^«>[HIi!!i*3j;^XRB*^ G 
a A s men 1 6 ©£ffi©¥Sftl'4*.SSJ»£*;S < 
Taufcj&tT*. AKratSattStOGaAslgai 6- 
*#Sd£**T#S. 

[0 0 2 5] Sfc, **JfiWfc^HTtt. ^ffiTtl«W 

EfcGaAsmesi 6*fc^. ««W3Sfll^3Sl^Sfi 

[0 0 2 6] -C-L.T*fc, **iffi^tfc^Tti. G a A 
sWfil 6*LPE»3cfi-r4a£bTiH*^<-fe© 
40 fi$&%-r«»7-r>tt©7-f >->-Hl 4€rfflV^T^5 

aa«. Ga a sinusal 6*»?-f>->-Hi 4caa 

©JErrtllcTfffcrtfi-rSfcartfifflCWWOWflttjWJ: 
tfl©»tt©3/-HT'b*SEiSi©B»C»5Jtt*ft*- 

[0 0 2 7] (SS2^»«flJ) 0 3 (A) ~ (D) tt. SB 

2 9Ug«q©¥*#Sfi©SG&«tt©xaRiaHTft 
d(O0tCi5^T, 2 1ttSimefi.affi, 2 2J4SiO 
» R. 2 314WP, 24f45'f >->-H, 2 5«GaP 

50 mens. 2 6BGaAs*giE 2 7l4GaA S e 



-254- 



7 

£i&<8r*. 

CO 0 2 8] SglXg (03 (A) #JI) 
S imif§^S«2 1(D±IC, CVDSIt«tC. Jf£20 
0 nm©S i O* B 2 2 SrSsfSr -5. £©S i 0 2 S£2 
2IC, 7*h'JVf 77ft*afflbT, 7'f>tt©«P 

2 3 £81?. MP 2 3 ©JilC S i 2 1 ©*ffi 

f 2 4 s&»*-ra. 

CO 0 2 9] fs2X@ (03 (B) #M) 
HOiy-i >3/-H 2 4 ©±fc, AL ESiCfcO. 3 
0 0 A©G a PWMM 2 5 fcgftWttf&ftr*. 

CO 0 3 0] fS3Xg (03 (C) 
WXST?»rtL3tGaP*tSftlB2 5©±IC, ALES 
l£<fc 3 0 0 A©G a A s WgffiM 2 6 ^SKWi^ 
jSfirs. 

COO 3 1] £4Xg (03 (D) #J»> 
ALEfeCJ;t)T^J*U&GaAs*«gai2 6©_B: 
L P EffiKi^TG a A s £A 2 7 £j&gr£. 

C 0 0 3 2 ] *5*H«K:*V»Tti, 9-f >->- F 2 4 © 
±CGaPWttM2 BftSKttC&ftU&ftCGaA 
s*lSAIi2 Bftdtftl/T^***. *©aStt. GaP 
JMSftJB 2 5 ©fc^JgfctfS i «&A£«2 1 ©&T£ 

U 3&iC*©±fcJ*jm&GaAs¥*SftJ12 6<h© 

CO 0 3 3] (^3^Jg«31) 04 (A) ~ (D) (2. ft 

CCHt*V>T. 31BS1 3 2BA1N 

R. 3 3BSiOi 3 4 1213 P. 3 5tiv-f 
H. 3 6 12A 1 A s ¥&AJI. 3 6' (2A 1 A s £*SA 
JR. 3 7 I2G a A s ilSSfM. £©X»RWHfc»o 

T*qMsw©iB8#ttsR9rr«. 

[0 0 3 4] ®ixe (04 (A) #H) 
S i*BA»«3 l©±fc, CVDStCiO. J¥^2 0 
0nm©AINi3 2&MU -tWifcHSfcCVD 
SiCJcO. £3 2 0 0 nm©S i O* R3 3 £BE£r 
5. £©A 1 NBS3 2 i Oj R3 3C, 7* MJV 
i^&fcjgfflLT, 5-f>*?©Hn3 4*Rtt, MP 

3 4 ©JSCS i¥&a££3 l©gffi$BfflS*T, £ 
©&©&llf£fi©atfc-5 5-f H 3 5 

5. 

[0 0 3 5] Sg2Xg (04 (B) #BB) 
^©7'f>->-H3 5©±fc. ALEi6C«fc»)J*S3 0 
0 A©A 1 A s miBSAJl 3 6 £j*-gr*. C©xeiC*5 

w-sa i a s*«SAfg3 6©aEfi©a«tt«itt^&®. 

S i G-2 m 3 3 ©±IC A 1 A s £*£S® 3 6 ' ##KT 
«. 

CO 0 3 6] &3XS (04 (C) 
S3Q 2 R3 3*a«Xy?>^bTM!4L. »2I« 



(5). #I3¥5-2 5 1 3 3 9 

S 

TSlOi Si 3 3©-hfcJMESftTV>ftA 1 As^HSI 
13 6' ftU7h*7«fcBJ*-J-«. 

CO 0 3 7] &4X& (04 (D) #35) 
ALEjfclCi^TJ&tfcUfcA 1 As|£*£SJl3 6©±(C 
LPE*&tC±oTGaAsJ|ea3 7*J«fi-r-5. 

CO 0 3 8] *HJS«a)(2» S i#i(SAS«3 l©i£ffi© 
y-i >z/-V3 5©±fcALEjS6fc«toTA 1 A s SMS 
A! 3 6 Srtfil/TV»Sj«T?fflE©#iaB«tttft»:-3 

J0 CO 0 3 9] H©A 1 AsJS3 6(2S 1$£A&£3 1 

5-f >'>-F3 5©±fc»JRtffir*;:d:a*T!* 
f. SiO, R3 3©±tt>**r*t^5^j&W»« 
&©, 7^>->-H 3 5SB5£fS«6i&Ka:L,TX->9 : - 

F^sa* 2 «©*&&«, rat)*. 

-C(2A 1 NBB2 2 tS i O* R 3 3 tSfcTJIMSLfc'b 
©tttfflU ±JB©ffi»JirC*SS iO a R3 3©±fc 
«ffllfcAlAsMi@3 6' S'j7hr7Mf'RJS* 
r*J:5fcUTH5. 
^ C0 0 4 03 (JMftffifll) 05 (A) ~ (D) (2. ft 

4 £te0J©¥£#S<g©8»fc©xgR$0T&.5. 

CCHtfi^T, 4 IBS iJMSASfo 4 212SIO 
. R, 4 3 BHD. 4 4tt9-f >5"-F. 4 5(2GaA 
s«(Sig. 4 6(2GaAsjgS. 4 7(2SiO z R, 

4 8«GaAsi!gSTS>5. z.<Dxmmwmz%>?T* 
faBfl©«fi*j**Rwr*. 

CO 0 4 1] 16 1XB (0 5 (A) 

5 i#i»ftS«4 1©±C, CVDfeiCiO, jf$2 0 
OnmOS iOi M4 2 £jgf£r-5. '©S i Os K4 

50 2C, 7* h-'J 7^7Hs£BfflL-T, 9-f>^©5BP 

4 3 £^!(t . Bll P 4 3 ©JS(C S i #SftSS 4 1 ©^® 
^gW^-lirT. r©&©igS/£ft©8£fc5 7-'f>v- 

H4 4sjg^r*. 

CO 0 4 2] f}2XS (05 (B) &m 
r.©7-f>->-F4 4©±(C, ALEfefc«fcOJ|ta3 0 
0A©GaAsJH*ftH4 S*«R»K**ra. 

[0 0 4 3] t>3Xg (05 (C) W 
ALEfe(C*^T^UfcGaAs*ISaH4 5*^6 S 
id K4 2©±fcjWC, MOVPESlritJTJf^ 
40 l/imOGaAsl8ft4 6SafiT5. GaAs«|4 
6©±(CS i 0 2 K4 7S^J«L. C©S 1 14 7 
*S«(CS^X>y5 1 >^rs. 

[0 0 4 4] S4I8 (05 (D) #fl8) 

coHRiyf^tiotaanfts 1 o 2 K4 7* 

•77.7(CLTGaAs^S4 eSXyf^fHiU S 
id IS 4 2©±£&fflr*GaAsl8S4 6«*S»5 
•J •>-7W©->- H4 6 ^Jg^rs. -©'J >yS*K©->- 
h*4 6SratLT, LPEt6C«fc*«WrfiI*fitJ:»3, 

5 I Oi H4 2©±(CGaAsi^A4 8£*SfiU. 

50 tat>fcs«©s i 02 K4 7 &^*rs. 
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9 

[0 0 4 5] *HiS«9fC«fc*t, S i Oz R4 20±.\Z 
§?aiL&GaAstea4 6 frits.* >J y5?*0->- H 4 
6 &aiCUT$#[6]jfcBLT^-£>£:iih GaAsMl4 

8©JSS©fH?pa<&a-e, ^©*ffi£¥fifl:-r-5;:£# 

[0 0 4 6] (^5^iSW) 06 (A) ~ (D) f±. S3 

d©@tC*5^T. 5 HiS iHM6il*«. 5 2liSiO 
2 R, 5 3ttWQ. 5 4BISS®GaAsi, 5 5tt 
WaOGaAs l, 5 61i^ffi*fcf±7 ; E;l'7 7X 
ttOGaAsl, 5 7!i*feg«)GaAsI ( 5 8 
WM8fi©GaAs»T**. ZOISRWHKI&^T 

[0 0 4 7] MSHg (06 (A) #BS) 

5 i m^SSS5 1 ©±(C, C VDSlriO. 1 0 
OnmCSiOi BS5 2&J&J&U 7* MJ 7 ^57?£ 
IdioTS 1 Os R5 2ICSJP5 3£Ktt, PAD 5 3© 
j&tCS !mSS»S5 1 ©^M*Sffl^*T. £©&© 

[0 0 4 8] £®S l*ttA2tt5 1£«&£5&|R<C 

iRisu **a««t«Ti o o or. i o#ra©&4aa£ 

fTVi, HP 5 3 S0J«-f <&XgfciiV>T8flP 5 3 ©&© 

s i m^afe 5 1 K»i«snfc§«*flsiifi**-r 
So s i ¥&s£«5 1 cDttna. s i m&ssss 1 

6 * -# >u-t 7* fc«*T* >-y-t 7* $ R F jn 

[0 0 4 9] S im^aSSS l»fiSS5 0 

OCfcTtfT. ^W^-f^^-K^^JC^aroGaA 
sl5 4SfiElt5. ~©J&g*j*i:bT. I I It© 
Ga©!g&#XT»5MJ.*3 L ;P;tfU'i7A (TMG) <k 
V&©As0K»#X-C<&57;i-'->> (As Hi ) 
Si^flt^U&d^^T-SALEffi^fflH. lOOnm 
©i?3lC*SST^g-rs. ^©i&liffcfi-Ttt. G a A 
sg54ll SiOi m,5 2 0ggP 5 3©Ig©S i 
®S«5 l©7^>v-F_hfc*ttO£ftU SiO, S 
5 2±ICte£<J**Lfc^. 

[0 0 5 0] &2Xg (06 (B) JMB) 

I I I&©Ga©ISCfl;tf7.£, MJ^^fl'J^A (T 
MG) ^5 h'JX^^'J^A (TEG a) IZ&Z., V 
tt©A s OKfitt-eoSSJJPv^ (AsHs) 
hXAL E&\Z i:^TJ*ftfcttfT-r4. 

[0 0 5 1] ^©{SgfCcfc-oT. 3Mg&©GaAs! 5 
4©±lC«*iKS©GaAsl5 5*^gf -2>*t, Si 

o> 2©±ica^a*fcttT : &;W7rx«©Ga 

As® 5 6*t^gf 5. 
[0 0 5 2] £5318 (06 (C) #$0 

(AsH, ) £ SSL i&ft£7 5 0~ 

9 0 0'ClC±#LTftB^5. £©i§gT, JNSS©G 
aAsf5 5*ty-HtaD, d©v— FCMtlsTfr* 
•SSiOa SS5 2©±©^-teaSfclS7^JU7rXtt© 



(6) #§1^5-2 5 1 3 3 9 

i0 

GaAsl5 6*«Se6U Z<D%&M:W&* \Z&± 
LT. ft&IC^fcSS^&^tJl^TXttWGaAs/g 
5 6^«*W^flft^n*. 

[0 0 5 3] Sg2Xgti5^T. #«SS©GaA 

s 1 5 4 ©±IC^S*fc«7*Jl/7 77«©G a A s 
a5 5^gf5Ct^si1 ( *©«£«. H©i:g 
ICfc^T. #JgSOGaAsl5 4*s>'-Hl:S^T, 
^©±l;:j£:gLT^££i[£ft£fctt7t;i/:7 7;*tt©G 
aA s®5 5*ir/5 6*tSJSaft$n, lEMMSS© 
ifl GaAsS5 7«$n5. 

[0 0 5 4] Sg4X§ (06 (D) #M) 
±EOISK J:oT»J*Sn3tJ2:V»*liJi©G a A s B 
5 7©±IC. MOVPEffilCJ:oT> 

l^iKS©G a A s )g 5 8 £J&£-T5. 
[0 0 5 5] (S& 5 *««ai©^BS8«) £TF. ±Bf§ 5 
*Jg03©»Sl«&W*. 

(i) m5mmmiz^x\t, &m-?mtom®mitm^ 

S !SSJil'GaAs®5:^fi-r-5Xe£ia^bT^-5 
2? *5§93f*, GaAs^©fc£tl¥g# : £*&<hLT 

fflv»*»^K , ba«"ee. ££>!::, g a a s m-oitf; 

[0 0 5 6] (2) S5SIJHi«l©®lxei:S2IglI 
MOVPE^tXi^TfeBlfgT* 
*. £©«•&, ¥aS#H©<&BJ£;fi£l OTo r 
fcf*tl I IK7Cl!S&-&tlK^XtCTMGa>&fflH 

»f-5i:a*?tt©ii^fi**piiEfcfts. i,a»u mov 

PEfelC«tS«-&tt. A L E^Ki £>«£©<!: 3 K^S 

[0 0 5 7] (3) SSLkiCJgfSL/iiS 10> R©08P 
©)SlC^$nSv'-H««[iliHTJS:<T'b«fc<. IS 

•5. 

(4) iS&HftXgtt, -HfigggB^f,¥*»S«£ 
H9tHbfc&. #4fi«HfltSIIr(bj£ (ZMR) CJCoT 

-a? **^e©«iiga<fc*»«isaiHJsa*fi (zmrs 

[0 0 5 8] H7tt. *56W©IB5*lSfifl©(SftHlSfi 
ISTffl ^?>u ti'Tf 5 Z M R SB©«^ISi^0TS 
-5. UroBKSHT, 6 1l4*-#>8*t^, 6 2 
tt»tt©i6Sffl««, 6 3, 6 4U&Um®. 6 5liM 
ftSfi. 6 6tt5^KJSff> 6 7\tmm3-<)W 6 8« 
ifLO, 6 9liJlff^XT*S. 

[0 0 5 9] :©ZMR8tSIl»T. ¥**S«©± 

50 6 6©|*lfl?(cS;S^n&*-^>K-y-fe^6 ltt, 5 
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(7) 



8M¥5-2 5 13 3 9 



11 

flQjRbSns.fcSfcfcoTua. -tUT, £©#-#>§! 

•tH??^ 6 1 ©SBo+ftafctt. asBi^fitcigtf* 

6 3, 6 4.jWBjSStlTl»*. 

[0 0 6 0] urozMRSM^+ic^esnfc^-^^ 
wref* 6 1 ®£M©¥&&AttHc¥iMt&K6 5* 

***»6K«i!rx6 9tfl»LT. ALEfttMOVP 
EfelCioT*«ft»«6 5©±fclttfiLfcattfc:J:-3 

[oo6i] jrre©J*3©^«riWte£MM*« 

t»tt7*JV7yXlfcl*ftL-fcft. fiR^IHSbfc& 
U ^-Kfcfc*JM«lH^«tt©Kfi#«6 2©±K 

SfUBfiflsTa. GaAs#*gSg3©3j!^UEE© 

[0 0 6 2] 

tt»!ftft«ttt<. Batten. 



12 



JO 



[HI] (A), (B) J4*85?li©¥*#a«©«jfi# 

[H2] (a) ~ (o \tmimmm<D*mft&fii<Dm 

[03] (A) ~ (D) «SS2£16«l©¥i»fic*K©« 

[04] (A) ~ (D) tt£3 3Iffi0!!©¥i*#3tii©K 

[0 5] (A) ~ (D) (M4ftJM^¥«flttK©K 

[0 6] (A) ~ (D) }4£5%Kffl©¥tt*£«©S 
jt#ft©l81WlBT**. 
[07] JB5*lS*!©»«fi**XaTfflV»SCt)&»T 

s « z m Rgfs©«^i«^0Tab5. 
[ff*©Bftn 

i s imm^Mm s iOj i 
3 ma 

5 GaAsm^llS (ALE) 

6 GaAsm*£fIi/f (LPE) 

7 HRAfiG.aA'sWIMMI 

8 #a#?fiKgGaAsmigSJi 

9 #M*?J5£fiGaAs^«SaS 



[07] 



67 63 

65 O 0 01 O 0/62 



T" 

66 



61 



O O O O O 
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(8) 



5 1 3 3 9 



[01] 



[02] 



6GaAsmttft (LPE) 
( 5GaAS W&BS (ALE) 
2Si02K ( ,3880 



1 SI¥ttA££ \*1 >fr—Y 
( A> 



7 3{ft££GaAs¥J8AJH 

9 GaAs^teffiJS 



2 
4—1 



(6) 

[03] 

SB 2 SQSfl«¥i»<*a«© WS2rawl83&iWB 



(A) 



22 23 ,24 

^ — i rf - 



(B) 



21 

22 23^24^25 



IT 



22 23. 24 ,25-26 



(C) 



21 



22 23, 24 25 26 27 



(D) 



12 ^0281 ■ j'~pv.9 1vi'-r 



13isn 



(A) 



n Si ¥te*as 



(B) 



GaAs*«a»(ALE) 



11 



(C) 



l6GaAs*te&{LPE) 



-fr 



[06] 

« 5 i?«ffli©¥««:a«o»fi^ aox.esawH 



(A) 



53 . 52 
(- 



—51 



(B) 



55 54 56 



52 
f-51 



(C) 



1 I 



57 
"f- 



1-52 
51 



(0) 



54 



58 



-57 
-52 

4-51 
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(9) 



ftBB¥5-2 5 1 3 3 9 



32 33 34 ,35 



(A) 



32 33 34 36 36' 



<B) 



17 



(C) 



31 

32 34 36 37 



(D) 



31 



[05] 



CA) 



(B) 



r 

■3— 



47 



41 



42 46 t 45 



<C> 



41 



47 



(D) 



42 ,4— .46 48 

f- 



"41 
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